NG - .~
) ‘Cv@_ 37\\—) LOGSE MINUTE U} JCL?’@“‘*‘TS

b

S
%

S

To\\ :* Fsak Force Commander, Operation Grapple 'X'

Cloud Sampl

1. It is agreed that the meteorological conditions at Christmas Island,
although ideal in scme ways, pose considerable problems in others, Pirstly,
the tropopause at Christmas Island varies between 55,000 and 59,000 £t; this -
3a 4n contrast to the tropopause in the U.S. Eniwetok area which is more
usually around 45,000 £t, and, under conditions of small, i,e, under two
megaton bursts, may rive quite different cloud concentrations, In the
Eniwetok area the mushroom tends to leave some cloud at tropopause and then

go on up producing a small sample at tropopause level, but the main body being
mich higher does not cause the problem of "shine® that is caused at

Christmas Island where the difference of 12,000 to 15,000 extra feet in
tropopause level tends to result in the upward rise of the ocloud immediately
after this level being slower and the spread immediate thereby causing an '
embarrassing amount of "shine" to the cloud samplers who mist be over 50,000 £t,
The other thing which I think must be borne in mind is the temperature at the
60,000 £t. level in the Christmas Island area, If this is minus 90° or over,
trouble may well be expeoted from "flame-ocut" in rocket assisted turbo-get
airaraft, It is frequently mims 82° at 53,000 ft,

2 Ve have tended to find in past trials that the area between the base
of the cloud and the sea is, to all intents and purposes, free from significant
radiation, The stem at 10,000 and 20,000 £t, is also substantially free from
£4ssion products which, in alr samples, may start to be found at 30,000 ft. and
upwards, Vith the bigger yield weapons (two and over megaton) the same sub<
stantially holds, but even at 45,000 £t, the main body of the fiasion products
will not be found, they are quite obviously in the area of 55,000 to 60,000 f£t,
and above,

3e Arrangements have been made for the employment of Scorpian Canberra
B.6's flown by firmm's pilots to take part in Grapple 'Y'. This to enable
sampling to be carried out at'a height of 60,000 £t, Such a plan carries with:
it at least three main problems:~

(a) By the expected date for Grapple 'Y' only one of
these speclal rocket powered Canberras will be
available and will not in any event reach the
area until about 'D! minus 7 days.

(b) Apart from the serviceability of such complicated
machines on the day there is the fact that the
pilot and navigator will not have had much
tropical experience-in these airoraft and will
not have had any experience whatever of cloud
sampling, They may therefore find their first
cloud sampling operation difficult in this area
for, due to lack of acclimatising, exceazive
perspiration can be very embarrassing by the
misting up of the helmet, eto.

(c) Por techriicel reasons comnected with Grapple 'Y'
the Scorpion Canberra will not be taking off until
imediately after the burst, and can therefore not
be expected to do its 60,000 ft, sampling run until
at least H + 1 hour,
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. As stated in the beginning of the letter it is more than probable
that there will be plenty of relatively thin cloud left to sample at that
height at that time, whilst the much lowered dose rate will enable a straight
run through to be made for the full length, But it is felt that they will
ocertainly want a very thorough briefing beforehand and will nged ground
controlling, Having regaxd to these diffioculties, I think that any samples
that the Scorpion Canberra collects must be regarded as a bonus end that there
should be no alteration to the exlsting sampling procedure as carried out on
previous Grapple Operations by 76 Squadron, Better and more efficient
technical equipment is, I understand, being made available for Grapple 'I'
particularly ocollimated dose rate meters which will give a more acourate
reading of the size of the sample being obtained since they will eut out
"shine", The integrating dose rate meters installed in the airoraft, at the
request of A,V,R.E. and, against the expressed wishes of those with clouvd

sampling experience, have proved to be an untruatworthy, expensive and
complicated failure since they tend to register on certain H,F, transmissions
and for a variety of other reasons quite unoonrnected with radiation, and X
hope to see them either mich improved and trustworthy or finally dispensed
with from R.A.F, sampling airoraft,

Se If the conditions met on Grapple 'X' are found to coinoide with
those ocourring on Grarnle 'Y', i,e, that the recorded dose rate at

H + 15 minutes is only of the order of 300r per hour for a two

diegnostic run at 48,000 ¥, then I can see no reason why the aircraf't
should ot then made a cloud perestration straight away, This penetration
ocoupled with those of two other aireraft later at H + 30 and H + 45 minutes
should give better results than were obtained on Grapple 'X' (that these -
results were in fact the barest minimum is realised but it is stressed that
this minimum was collected by really only two alroraft, with this technique
it might reasonably be expeoted to be inoreased by at least a factor of 50%),
The Scorpion Canberra can then malke its high level pass without any other
airoraft in the area but, for various reasons, I think it would be urwise to
place too much reliance on the amount expected from it,
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_tron: [ Hic21th Controller, A.W.R.B., Christmas Island
" mo:  0.C 76 Squadron, Royal Air Foroe, B.F.P.0. 170
Copies to: 8ee Distribution List
Date: 2nd May, 1958
Ref: RM/1

Radiation Doses

1. Arising from the operation on 28th April, 1958 a number of memhers
of 76 Squadron received doses greater than 3 r and consequently their future
expusure to radiation has to be controlled. The rules governing exposure
to radiation are contained in "Radiologiocal Safety Regulations, Christmas
Islend® peragraph 2.1.. '

- 2 The Officers concerned are:=

. Name : Doae.received Date Mher sure
s Bay commence %thoﬁ
: special authority -

10.75 .

10.75 2844 64

13,0 L
1045

10,0 " 15.42.58
205 200180053
5.0 ’ 25.8. 5

5.5 / 8. 9.58

Distribution:=

Task Force Commander
S.A.S.0.

ﬂ Ministry Medical Directorate MAl)

Trials Director
Trials Superintendent
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CPERATION GRAPFILE-Y

INTERIM REPCKT

PART 7., RADICLCGICAL MEACUREMENTS

ol ;b
With Statements on .Hea.lth Physics Control by

(Decontamination Area)

Contents ‘ Page
1. Group Tasks 1
2. Results of “easurement Tasks 9
3. Discussion and Conclusions on Measurement Tasks 5 -
4, Nuclear Instrumentation 6
5. Health Yhysics Control - General 6
6. Health Physics Control - Decontamination Area, 7
Table 4 ' 11

Figures 1 (RM) to 3 (RM)

The members of the Group were:

/

Trials Planning Branch,
A.9.R.E,,

Aldermaston, BRerks, Sy June, 1958,



'..“\n

O My l)‘\c\ Ll

1
- 1
I SN LA 3
GY/7/”M
rers=crsT N Copy No. _of _Copies

— Page No, {1 of11 Pages

CF  5ATICN GRAPPLE~Y -~ INT "KIM REPORT

PART 7. RADICICGICAL MCATUREMENTS

Statement of Group Tasks

RM4 To measure the integrated gamma dose/distance relationship,
ani the variation of dose rate with time for the initial gamma
radiation,

RM2 To measure the variation of integrated neutron flux with
distance,

RM3 To measure fallout contamination at points close to
Grourd Zero,

RM, To measure fallout at surrounding islamds,

RM5 To measure the gamma dose in cloud sampling aircraft,
RM6 To ndvise on health physics and radiological control,

R To provide a dose measuring service,

RM8 To provide nuclear instrumentation.,

R49  To radiograph and monitor the neutron output of weapon

componcents,

R0 To carry out a radiological survey and the analysis of
a sca water sample from surface zero.

|

RM4 2

To make radiological survey in an emergency,

To arrange for fish aonitoring.



M LS

(dL) 1 3¥noId

A3AYNS IVOI90T701avyY IVIY3Vv 4O v3uv

M OV 8sl

T ey

s#‘*

N2

N

Y

13o5uvl

SITIN "LNYN OL

SN LNYN OS

M LSi

M, Ov BSi



Reference SRHP/H.7006

Film Doses - Groovle Y

(haelidid )
1. Attached as exures” to this letter cre the dosages in

roentgens incurred by AWRE and service persomel on Grapple Y,

2. A few results are still to come. They cre contained in
some peperwork which has not yet rcturned from Christmes.

Buildin il .
Extn. '
Lth June, 1958.

C.C. Air Ministry (for Gropple P and M: L) with Annexure B and c .
0.C. 76 Sqdn. R:iF with Annexure B
0.C. 240 Sqdn. RAF with Amexure B
0.C. 38 CORPS REGT R.E. with Annexure A
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" - Group Leader TP Group.

CINO O2270
03(‘7

In the Flagpole sampling sorties three Canberra crev members received
radiological doses considerably in excess of the 10r authorised for this
exercise and it is necessary that this should be investigated.

You have been nominated to take charge of this investigation, which
should be completed as soon as possible. TYour terms of reference are:-

"To investigate circumstances in which the crew of sampling
Canberra No. WH 976 exceeded their authorised radiological doses
on Flagpole sampling and to recommend immediate steps to prevent
a recurrence during Grapple Zulu.”

s ™11 B sesisted e ey vy

Scientific Director

J.0.C.
3 September 1958

c.c.

(for info)
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Scientific Director.
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Flagpole - Sempling by Canberra No. WH 976

In accordance with your letter of 3rd September, I have investigated
the circumstances in which the crew of sampling Canberra No. Wi 976 exceeded
their suthorised rediclogical doses on Flagpole sampling; and I have con-
sidered what immediate steps should be taken %to prevent & recwrence during
Greapple Zulu,

I have discussed the matter with (I EGB GGG -
I have not talked with the orew of the aircraft,
believing that they could shed no further light, and thinking that anything
suggestive of & formal enquiry would only cause them needless anxiety,

Herewith my report eaxd recommerdations.

1. The Instruments

For the sake of completeness it is useful %o begin by listing the
radiation instruments cerried in sampling aircraft. I uge the code names
that are employed during the sampling process.

Romeo :  gives dose rate
Charlie : gives total doge
Salmon : indicates success of sampling

In addition, each member of the crew has a personal film badge and a
personal quertz fibre dosimeter, both indiceting total dose, the first after
development and the second by an immediate meter reading.

2. The Men

Three men are involved in the control of each sampling eircraft, viz.,
the Captain of the aircraft, Sniff Boss, end Sniff Controller. Sniff Boss
is the accepted temm for the airborne sampling controller

% §EEF: for the make of brevity in this report I have invented
the term Sniff Controller for the ground-base sampling controller (N
t Flagpole),

In broad terms Sniff Boss directs each aircraft during the sampling
process, and Sniff Controller exercises a genersl supervision through Sniff
Boss. The Romeo, Charlie snd Selmon readings are transmitted by each
sircraft to Sniff Bess and Sniff Controller; with one exception, the Captain
of the sempling aircreft tekes no action based directly on his interpretation
of the readings of his redistion instruments. The exception is that, if his
Cherlie reading reaches 8r, he immediately tekes his aircraft out of fthe
redioactive region and ewaits instructions from Sniff Boss.

3. The Events at Flagpole

Three sampling aircraft were employed at Flagpole, Sniff 1, Spiff 2,
and Sniff 3, In chronological order, sempling runs were made as follows:
one run by Sniff 1, one by Sniff 2, one by Sniff 1, and six by Sniff 3.
1% was during these last six runs that the orew of Sniff 3 {Canberra No.
WN 976) exceeded their authorised doses.

The Appendix gives the Romeo, Charlie and Salmon readings reported
at the time by Sniff 3, from which it is seen thet, in spite of quite high
Remeo readings (of dose rate) the final Charlie reading (of total dose) was

Ay B B orhieh S Taae dhan Fha neseed 30 movimiem ~f A0 Molrnladinn
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of the total dose by integration of the Romeo readings gives a velue of
17r; thus the Romeo and Cherlie resdings are significantly inconsistent.
Later development of the £ilm badges gave values of total personal dose
varying from 25r to 30r; and reading of the quertz fibre dosimeters gave
values ranging from 16r to 24r, Finally, a check of the Charlie meter
has shown it to be defective owing to leakage of air at the low ambient
pressure existing in the aircreft at the time of sampling. It is believed
that this would result in the Cherlie readings being low by a factor of
about 3; when allowgnce is made for this, the value of 8,5r is corrected
to 25r. In short, allowing for the effect of air leskage, we have the
results: -

Corrected Chariie : 25

Film Badges t 25r to 30r
Dogimeters i 16r to Zyx
Integrated Romeo 17r

4. Conclusions

el It is certain that the permitted maximum of 10r was exceeded,
bukthe aotpal velue is less certain, in the absence of detailed experience
of the accurecy of the various measurements. The integrated.Roneo value
will be low because readings are available only for the periods when the™
aircraft was passing through radiocactive cloud: there is a sugpgestion that
readings were "very low" for the remainder of the time, but no great welight
can be attached to this., On the other hand, Spiff 1, after completion of
his last run, reported a final Charlie reading of 10.9r which may be compared
with a value of 6,9r deduced by integrating his aveileble Rameo readings. It
is conceivable that part, at least, of the discrepancy of Lr was acquired
when the Romeo meter was not being read., The experience of Sniff 2 suggests
the same possibility. At exit from the cloud he reported a Charlie reading
of 2r, followed by a final Charlie reading of 3r, later corrected successively
to 7r amd 8,1 r, the final value, Integration of the recorded Romeo reed-
ings gives a total dose of 3.1r, i.e. practicelly the seme as bis first report
of the final Charlie reading. From these facts I conclude that, unless
reading of the Romeo meter is continued even when the aireoraft is apparently
outside tne radiocactive cloud, a discrepancy of several roentgens can arise
between the actual total dose ard the value deduced by integrating the Romeo
readings. I arbitrarily allow 3r in the present case, thereby obtaining &
corrected integrated Romeo value of 20r. Taking the aversge film badge
reading as 27r, ard the everage dosimeter reading as 20r, I accept
(25f+ 27 + 20 + 20)/4 = 23r as the probable dose received by the crew of
Sniff 3.

L.2 I csn see no way in which the defect in the Charlie meter, tie
primary cause of the incident, could have been detected during the sampling
operation,

4,5 The question arises as to why the discrepanoy between the Charlie
readings and the implications of the Romeo readings was not appreciated by
Sniff Controller or Sniff Boss, It is clear, after the event, that sufficient
information existed at the time of sampling to show that something wes
significantly wrong.

The answer is that the discrepancy was appreciated qualitatively, but
not quantitetively. And the reason for this lies in the fact that, the
samples obtained by Sniff 1 and Sniff 2 being thought to be very poor, both
Sniff Boss and Sniff Controller were preoccupied with the consequences of
poor sampling by the remaining eircraft, Sniff 3.

/s
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Loi The question erises ag to what ection would have been token had
it been thought by Sniff Boss and Sniff Controller that the permitted dose
of 10r had been resched while only very poor samples had been achieved,
There 18 same uncertainty here concerning the application of the appropriate
sections 3.1.1(c) and 3.1.1(d) of "Rediclogical Safety Regulations: Christmas
Islerd®, I belleve that Sniff Controller, if uneble to obtain an lmmediate
ruling, might heve thought himgelf forced to decide whether the success of
the trial warranted a dose greater than 10r.

4e5 In the time availeble, little can probably be done to improve
instrment relisbility for the remeinder of Grapple Zulu, If possible, the
Charlie meters should be enclosed in a pressurised box which would prewent
the same defect occurring again; but action should be teken on the assumption
that this modification cannot be carried out: if it can, so much the better.

5, Recamendations

5.4 Rather then rely solély on the Charlie meter to obtain total dose,
more use should be mede of the personal dosimeters and the Romeo meter. To
this end the readings of the dosimeter of one crew member should be trans-
mitted to Spiff Controller at, say, two minute intervels while the aircreft
is on a sampling run.

5,2 'The readings of the Romeo meter should be continued even when the
aircraft is not thought to be in a redicactive cloud., To avoid interrupting
the camentary from another aircraft actively engaged in sampling, the readings
in a passive airoraft might be recorded within it for later transmission at the
commencement of an active run,

5.3 Probably the most immediately useful single step to avoid a
recurrence 3.s one of organisation. At present both Sniff Boss and Sniff
Controller have two responsibilities, to see that adequate samples are obteined
and to ensure that the maximum permitted dose is not exceeded. Rather then
both men sharing both duties, each should take one as his primary comern,
Sniff Boss planning the sampling runs, while Sniff Controller devotes himgelf
mainly to assessing the total dose experienced by each aircrew.

5,5 1In order to meke most use of the Romeo meter, Sniff Controller
should maintesin a record of the total dose as estimated by roughly integrating
the Romeo resdings as they are anmounced, With Sniff Controller relieved of
the planning of sampling runs, he can perheps do rather more to this end then
calculate mentally the chenging average dose rate, from scrutiny of the Romeo
numbers,  In particular, he might find it easier to assess the totel dose by
scrutiny of a graph of the changing Romeo readings against time. Quite rough
guantitative assessment of this sort would have revealed that something was
wrong during the sampling of Flagpole by Sniff 3:  sufficient would have been
revealed to have made it prudent to withdraw the aircraft without knowing the
cause of the trouble., The samples might then have been quite inadequate.

5,5 The matter of the permitted meximum dosé needs to be clarified.
This might be by a specific instruction to the Sniff Controller prior to each
burst. On the other hand it is my resding of the Safety Regulations that the
ebsolute maximum for this purpose has already been laid down as 10r in section
3.4.4(c). In any case it seems essential that any special discussion and
authorisation of the sort contemplated in section 3,1.1(d), if it applies,
should precede the burst.

5.6 I have not detailed recommendations which are minor and whose
implementation is under way es & result of discussion; mor those that could
not be implemented in the remaining period of Grapple Zulu. In the first
category are investigations directed to checking the film badge estimates. In
the second category are suggestions that the Salmon meter stands in need of

/substantial
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substantial improvement; thet the scale of the 600r per hour Romeo meter
should be mede less confusing 4o read in the vicinity of one-quarter of
full scale; and that all Romeo meters should read in roentgen per minute
ingtead of roentgen per hour,

Group leader TP Group
J L] OO C L]
6 Septenber 1958

UNGLASSIFier
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Readings of the Radiation Instruments in Canberra No, WH 976

Romeo reedings are in roentgen per hour, Charlie readings are in roentgen,
and Salmon reedings are in arbitrary units in which 50 is full scale deflection
of the meter,

Instants at which readings were reported are numbered consecutively in
chronological order; the interval between consecutive readings on a gliven run
is 15 seconds throughout.

The true heipht of the sircraft was 54,000 feet on all runs.

Run 1

Time of entry = H + 87 min, Time of exit = H + 89 min.

Instant 1 2 3 L 5 & 7 8
Romeo LO 150 160 160 170 1560 190 180
Charlie 0 0 0 0 0 0 0 0
Salmon 0 0 0 0 0 0 0 30

Pinal Charlie

It
-
A% 2

Run 2

i

Time of entry = H + 93 min, Time of exit = H + 95 min.

Instent 1 2 3 L 5 6 7 8

Rameo 120 410 120 110 120 90 40 50
Charlie 2.0 1.8 1.8 2.0 2.2 2,5 2,6 2.6
Salmon 20 3 45 26 L6 50+ B0+ 5O+

Final Charlie
. Run 2

Time of entry = H + 102 min,  Time of exit = H + 10L min,

i
"
-
=}

Instent 1 2 3 b 5 6 7
Romeo 60 80 90 100 120 130 130
Charlie 2.6 2.6 2.8 5'0 500 543 .3-15
Salmon 50+ 5C+ 50+ 50+ 50+ 50+ 50+
Final Charlie
Run &

Time of entry

i

3.6

H + 108 nmin. Time of exit = H + 140 min,

{

Instant 1 2 3 L 5 6 7

Romeo 70 100 120 100 80 80 50
Charlie 4,3 45 he8 be8 5.0 5.2 5.3
Salmen 50+ 50+ 50+ 50+ 50+ S0+ 50+

I'inal Charlie = 5,5

/Run 5
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}« Determination of the whols body dose of Rediation soquired by Airorew members

while on Cloud Sampling detail :
b ¥ith specisl reference to the use of the Standard Film B.L.“E and Cassette
RAISON D'ETREB
Solentifio

To outline the present methods of crew dosage assesasment with speoial

reference to the use of film badges and to suggest possible fallacies, discrepancies
and improvements that might be made in future,

Domestio

To attempt to minimise future crew wastage rate due to members being discarded
on the evidence of doubtful dosage evaluation.

PAST DEVELOPMENT

In the initial trials only one film badge was carried per crew member -
Centerra B6 aircraft normally carry a orew of three. Badges were not worn over
any specific area of the body and the shielding effeots from the airoraft body and
equimment were anything but constant..

On all trials sampling has been invariably carried out by more than one air-
craft, but as the time of sampling in relation to burast and duration "in cloud”
are not constant, the range over which a badge has to record has varied very
greatly, and it soon became apparent that, to cover the possible.range, mors than
one type of badge would have to be worn by each individual.

It was found convenient to support the initially used P.M.1 film badge with a
in the "V" area. It will be seen in the illustra-
B tion that this area of the

person is not ocovered by any
itea of airorew equipment such
as parschuts tuckles, and also,
while in the sitting position,
it was thought to give a fair
approximation of whole body
dose; es it is Xnown that the
sitting height, on the aversage,
! veries by leas than three inghes .
for average crew members,

The V' Area. thild:ilplo standardisation of f£ilm badge teclnique
(1) Uniformity of badge position; |
(2) External shielding was avoided from flying harmess eto.;

(3) The dual badges (P.M.1 end 3) ensured that an adequate rangs was covered
and where overlap ocourred a cheok oould be obtained,

Note: For the purpose of this paper it ia oonsidered that a P.M,1 oovers
from O:\v to 6v and a P.M.3 from |+ to %ov . These ranges are
those at which the readings are reascnably acourate and at which
independent readers would produce similar answers from the f£ilm graphs,
i.e., the upper and lower limits of the range of each badge are
exoluded,

As a further insursnce all orew members have carried pooket dosimaters,
initislly reading from O - 0.5 r, but later the higher reading 0 -~ 50 r instruments
wers adopted. Fair sgreement was found to exist between hadges and dosimeders,
though the latter, as a rule, tended to read low., Dosimeters have normmally been
carried in the left leg-pooket of the flying overall, being then at approximately
mid-tibial level. Though a valusble check and useful for immediate assesmment on

Page 1



It was comsideyed that Wy this simple standardisation of fila badge technique
the following u}&mﬁpum gained:-

(‘l) Uniformity of badge position;
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ianding, dosimeters are not oonsidered either accurate or relisbls, particularly

! 1,'nwet hunid climates where the leak rate can be oonsiderable, No convenient

of ocarrying dosimeters in the mid-body position has yet been devised for
airorew in full flying olothing.

A further check on general dosage is ensured by a fixed integrating dosimeter
consisting of a moderately large and well insulated ion chamber, This instrument
is known in the Service as the "Charlie" meter, and is located under the rear right
seat of the aircraft, A large, easlly read scale, en important factor in the dim
1ight of the cabin, 1is located on the right rear instrument panel, and allows the
wireless operator to note the mounting dose and transmit this information to the
pilot of the aircraft and controllers on the ground snd in the air, In operatlon
this instrument has proven 1tself to be most reliable and the dosages recorded have
been in fair agreement with the film hadges and the pocket dosimeters, One
difficulty has, however, arisen, in that the instrument cen effect certain eleotri-
cal instruments in the airoraft, This hazard has been eliminated,

From the three methods outlined above - badge, dosimeter and integrating
dosimeter -~ it has been possible to assess, with some degree of accuracy, the
overall body dose acquired by airorew during their passage through a nuoclear cloud,
However, it is patent that several difficulties exist: film badges are in some
oircumstances directional, and though when positioned on the chest in the seated
position give a near approximation of the whole body dose, they suffer from shield-
ing from aeircraft skin and components - dosimeters wom on the leg are undoubtedly
1isble to be affeoted by shielding - the "Charlie" meter positioned under the
wireless operator's seat pan cannot be looked on as representative of the general
body dose of the oocupants, and is, more than likely, affected by considerabls
shielding from the aircraft and its equipment.

VARIATION IN CREW POSITION AND THE LIKELY EFFECT OF SHIELDING
General

All orew members are seated in ejector seats of steel construotion, the back
being partiocularly solid, inocorporating much of the firing mechanism and built
well above the head.of the oocupant in the manner of en old fashioned olub arm-

ohair, Amm rests come to illso orest level and the seat pen is particularly
solid,

Pilot Position

Apparently the most exposed position. Anteriorly bounded by the instrument
panel, Laterally instrument boards and aircraft skin to approximately elbow
position, rear ejector seat and navigator's oonsol. Above perspex canopy.

Navigtor

Anterior instrument consol, Left lateral instrument panel and aircraft skin
Posterior bulkhead, Above airoraft skin,

Wireless yator

Anterior part soreened by navigator's oonsol. Right lateral instruments and
airoraft skin, above eiroraft skin.

Petrol Tank No. 1

Both navigator and wireless operator's positions are screened to some extent
by this rear positioned tank, which holds 150 gallons,

Floor
All positions are soreened by the relatively atout floor and the outer skin

(Note: the aircraft has a pressure hull, which renders it more solid than the
conventional aiyoraft aliuminium skin).

Page 2



p It 1s clear that the pilot would appear to be the most vulnerable orew member
m‘ﬁ that he receives little or any shielding, barring the perspex hood, from the
waist upwards, the lower part of the body being shiclded by the instruments and the
ejootor seat. The navigator on the other hand appears to enjoy the most shield-
ing, while the wireless operator's situation is better than the prilot's but not as
good as the navigator's, Thus in the Canberra B6 it can be envisaged that the two
rear seated crew members have the penefit of oconsiderable shielding from the air-
craft and its components, while the pilot is much less favourably situated.

The sketches 1 and 2 below give some idea of the relative shielding in the
three orew positions.

Sketch 1 . Sketch 2

P¢= Perspex Canopy
é:mmgaow

MECHANICS OF NUCLEAR CLOUD ON FIIM BAIX}ES

In view of the large sigze of the nuclear cloud in relation to the aircraft,
it can, for practical purposes, be asaumed that the aircraft is a point within a
large diffuse source and that radiation will impinge on the aircraft from all

directions,
Sketch z

—Tdleis.
- Altraft as pouk
; wNudear Aol
Ahuclta@oua
Howsver, if three theoretical rays are drawn passing through the aircraft
cabin, it will be seen that certain rays will have a better chance of causing
demage to the ocoupants than others, due to shielding from the aircraft components.
In the sketch below it will be seen that rays A and B affect the pilot, while the

navigator escapes and that C, though affecting the navigator, will have lost much
of 1ts energy due to the shielding effeot of the oonsol.

\ Sketoh 4

(Overleat)

Page J
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P = Perspex Ganopy é : Inntrlment Panel

B = Bomb Aimer's Canopy T = No. 1 Puel Tank

Consideration will show that a very large number of shielding faotors cen
ocour in a cockpit which is full of bulky instruments and equipment, Furthermore,
backscatter can ocour from all the equipment surfaces; however, as these are so
33:;‘1‘::1 they may conveniently be neglected, as all occupants are at hagard from thi

AIRCRAPT MATERIALS AND SHIELDING

As has already been stated, shielding from the floor of the aircraft and
ejector seats are common to all crew members, and oan be considered as a constant;
howsver, one very big difference occurs in that the pilot alone is shielded by a
large area of perspex of considersble thickness, and this would be a most effective
shield sgainst beta radiation, and could in certain circumstances be superior to
the outer akin, which shields the two rear orew members. Instrument oconsols are
made of 1ight steel racking with instruments bolted in position, and they are, when
fully rigged, solid pleces of equipment which would provide very considerable
shielding., The main oonsol is that ¢f the navigator and completely ocovers his
anterior aspeot. :

PHYSICAL CONSIDERATIONS AFFECTING FIIM BADGES

Film badges are carried outside the flying olothing in the "V" area and are
thus affected by the amblient temperature of the cookpit. 1In alll sorties sampling
is carried out at "height" and temperatures around gero are commonplace in the
cockpit., Exposure of the film badge oocours at such low temperatures,

o Film emulsion is standardised for exposure at temperatures within the 15 to
19”7 Centigrade range, and a correction of 0.3 r for every degree above or below the
range should be made to obtaln a ocorrect assesmment. In trials exposures during
sampling runs it is reasonable to expeot the film badges to read approximately 5%
low due to the temperature drop, .

Direotional affect. A film badge exposes a broad areato the front, but
sideways on is a relative knife edge, and clearly the chances of rays impinging
are less in the sideways position, However, what rays strike the badge in this
side position traverse a much greater distance in emulsion, and hence give an
increased effect, It has been suggested by simple experiment that in the lateral
position the effect on a film badge is 75% of that which it would be if the badge
was presenting its face to a given source,

Olearly, as it is assumed that a oloud is homogenious and that the airoraft is
a relative point source, a mmall proportion of rays impinging on the crew members'
body in the laterial aspect will be underestimated by badges in the oconventional
position. .

Chemical and light Affeots. Error in film development can ocour dus to many

reasons, in particular chemioal impurities in, solutions and poor agitation of the
developing tank, giving uneven developer concentration., Small quantities of light
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actuate the emulsion through pinholes in the paper shielding.

}""’!LD&INARX CONSIDERATIONS

Though it must be admitted that film badges offer the simplest and cheapest
method of assesmment of alrorew dosage during oloud sampling coupled with a very
low weight penalty, as opposed to other types of instruments, their accuracy as
an indication of whole body dose may leave much to be desired.

Shielding in an aircraft is considerable and very varied in relation to the

three orew positions, hence oonsiderable variation will arise from this factor
alone, o

INITIAL EXPERIMENT

vaualk ecptmtnce e Bigliok 4o 1ate a0
Eiperience has shown that the ssoondary sampling airoraft has[the controller
(air) has gained experience from the primary sampler's dose rate (Charlie meter)
and is thus more confident in holding the second siroraft in the cloud for the
maximum safe period. Thus the initial experiment was carried out on perscnnel
flying the Secondary sampler, -

!

As it was suspeoted that the chest badge did not give a very fair approxima-
tion of the whole body dose, it was decided to usc more badges per man in an atte
to get more information, Placing of any number of badges on individuals was not
possible, dus to technicel difficulties associated with aircrew clothing and esca
mechenism, and in lieu fixed positions in the aircraft were adopted, thess being
acceptable to the R.A.F. authorities, . »

Four P.M.3 badges were placed on the ejeotor seat in the following locations
4. Head rest 1 inch above head

g'; On arm resé upper surface
4. In seat pan 4 inch from testiocles.

Care was taken to ensure that as little shielding affect as possible was giv
by the ejector seat and that no equipment of any description shielded the badges.
In addition to these badges the members were issued with the normal chest badges
and dosimeters, ‘

Figures derived from the Chest P.M.3 and O - 50 dosimeter

Badge Dosimster
Pilot Jr 13.5r
Navigator 10,75 r 10r
Wireleas operator 10.75 r 15 r
Fi g8 derived from the four speclal P.M, 08

Head L. Axm rest R, Am rest Seat pan

Pilot 8.8 r 12.5 r 12,5 r 8,8 r
Navigator 170 r 141 r 110 r 7.6 r
Wireless operator 47.0 r 0.7 r 12,5 r 7.6 r

Time in Cloud 6 minutes

Time of entry after burst H + L9 m.
Hesight 51,000 feet

Charlie reading 10.6 r

Note: Conditions of gamma shine were not encountered

Pilot Neyigator Wireless operator
18.8 17 17
12,5 1 12.5 1" 10.75 114 12,5 10,75 10,7

8.8 7.6 7.6

Page 2
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~ Head Badge
Right Amm  Chest Badge  Lleft Am
Teaticular Badge
IMPLICATION
General

It will be seen that though the series is mmall a very considerable degree of
asgreement exiats between all readings, with one exception, that being the dosimeter
worn by the wireless operator. It is considered that this is, however, a leak
affect due to the wet weather encountered on the trial - dosimeter disorepsnoy was
noted in many other inatances and proven to be due to leak.

As reliance has always, in previous txrials, been placed on the single or
double chest badge, it is interesting to note that this has given, in this series,
readings whioh are conslistently above those of the testicular badge. The safety

faotor being in the region of S0%, on an average, of the three positions of the
crew, o

The most striking feature 13 the fall-off in dose recorded between the head
and the testicular badge. The distance between these badges being something not
more than 2 feet 9 inches, yet a faotor of 2 is seen in every set of readings,
This clearly suggests that the rays penetrating the cabin were of a soft nature
and that beta particles were probably absent, being exoluded by the shielding
offered by the airoraft hull.

Charlie Meter Reading

This reading is low in comparison to the head doses, but nevertheless
approximates to the chest (whole body) dose and can be reckoned to give an indica-
tion of the general dose if a 10% addition is made to the reading. It should be
noted that it had already been stated that the meter ia in a relatively shielded
position, which probably acoounts for this discrepancy.

Head Doses

In view of the fact that the pilot appears to be very much more exposed than
any other orew member, the 1.8 maximum difference (18.8 r to 17.0 r) suggests that
the perspex csanopy is a far more effloient shield than had been suspected,
Nevertheless, the considerable higher general level of radiation to the head would
appear a possible hazard in relation to the sensitive eye tissue, But as it
appoers beta radiation is largely absent from the cebin, this could perhaps be
over emphasised, as experiment has suggested human eye tissue to be less sensitive
then that of the animals which have been used experimentally.

Arm Rest Badges

Dosages follow the general pattern of the chest badge, suggesting thatlateral
radiation is probably largely out off by the shielding provided by the pressure
hull and instruments. It is, however, suwrprising that the wireless operator's
right arm should show a higher dose, as 1t would sppear to be well shielded b,
instrunents on the adjecent panel, :

Testioular Badges

The very significently lower levels are of interest and cheer in relation to
the possibility of genetioc damage and in all instances they are a quarter below
the reading given by the "Charlie" meter, thus providing an inbuilt safety factor
for the land and air ocontrollers, : ’

FURTHER INVESTIGATIONS

Though the figures quoted show mathematical agreement to a surprising degree,
the series 1s, however, small and open to criticiam from this fact, and further
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&periments on similar lines should be conducted,

& ) In view of the possible sensitivity of ocular tissues, badges should be wom
et eye level. The difference between eye level and the head badge which is
situated at the vertex, 1s plus 6 inches, and 1t is more than likely that a fall-
off will ocour in this distance, short though it be.

The chest badge, being vent{xlly situated, should be supplimenfed by a badge on
the dorsum in the region of T8 - 10, This would give a better 1dea of the “whole"
body dose. '

If possible a badge should be worn next to the skin to give an indication of
the shielding effect provided by the flying overall and vent suit. '

SUMMARY

Film badges (P.M.3) were placed in a roughly square configuration around three
members of a oloud sampling crew in a Canberra B6. B

Mathematioal uniformity was observed between the separately placed badges and

a factor of two was noted between badges situated respectively on the vertex and
the testiocle,

The integrating dosimeter (Charlie meter) was found to be in general agreement
with the film badges, but to read approximately 10X low on the whole body doee,

Further readings are necessary in confirmation, and in particular to check dose
received by ocular tissue, _ ' : .

A.W.R.E [ ]
Health Physics.

Aldermaston,

M.A.,L.R.C.P,,M.R.C.S.



MoD —AWRE Irials
Dose in R
RAP 1958 1224 13
RAP 1958 GY 13 v
RAP 1958 L 4 11

The MoD Officers 1isted above had doses in excess of 10R
recordsd by their £ilm badges, whilst carrying out Adr Operations
at AWRE Overseas Trials.
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MINISTRY OF DEFENCE

1-6 Tavistock Square, LoNpoN W.C.1 L

Telephone.: vosze IR
01-387

h
. : 30’December 1969
Our reference;  AF/10165/68/MALa(RAF) .

Your reference:

e

1. For some time past I have heen concerned that we had no narrative report

of the health rhysics surervision of RAF personnel involved in the various
weapons trials. There has been a consideratle "oral tradition" that I have
been able to use when dealing with pensions claims, but memories fade and senijor

staff retire,

2. Therefore, I asked NN o orepsre a report with the
assistance of his colleagues at AWRE: 1 enclose a copy for your information.

?f you have any additional date to add to it, I would be plessed to receive them
and to incorporate them in this "authorized verasion".

™

RADIATION SAFETY DURING WRAFONS TRIALS

Institute of Naval Medicine
Alverstoke

Gosport

Hants

Institute of Aviation Medicine
RAF Farnborough
Hantse

Copy to: Branch Folder AF/RAD 1/MA La(RAF)
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( o & BRIEF SKETCH OF THE MAIN RADIATION SAFETY SRECAUTIONS ORTAINIIG

DURING D% URITED KINGDOM WUCLEAR TRIALS. (RAF INVOLVERZNT.).

The objective of this paper is to provide a short non-technical summary of the UK

" Nuclear Trials, from inception to culmination, with special reference to the many steps

that were taken to ensure that Royal Air Force personnel were subjected to no undue
haserd from any form of ionising rzdiation. “his paper 1s prepared, at a point in time,
when it is still possible to obtain detailed information from persons who either

- ~initiated or were responsible for actioning radiation safety precautions or who can

offer access to detailed health pPhysics records, either official or in the form of
personel operational diaries.

"
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‘Commente on Pap AL

. The intention of your paper is admirable, but I feel that ocne or two
statements cannot go giuite without some comment.

Pape 1 -~ P al

In the word "initial® I Inow you mesan Grepple trials, but I feel that
this is a 1ittle unfair to AJN.R.E. a3 in all trials previous to. Grapple
itself badges are worn speciﬁoally as nesr tothe heart as possible, and
this has always been a deciding factor in film badge dosimetry which is
intended to measure total body irradiation, Further, I am surprised to
leam that P.M.{s. only were.used on Grapple as previously and subsequently’
both P.M.1s8. and P.M.J8. have been worn,

Page 1 ~ Laast P e
I think 0,5 should be 5 r,

The question of pocket dosimeters being effected by humidity and dust
has always been solved quite satisfactorily by sealing them in clear P.V.C.
which, in the form of a bag, enabled dosimeters to be wom adjacent to the
film badges. Agein, I am surprised if this was not the practice on Grepple
trial,

Eerypex Screening

The exact thicknesses of perspex and aluminium in Canberras are what
effécts the relative soreening properties of these two materials. My
guess is that the lower absorption through perspex is more than offset dy
the neceszary incresse in thickness which I am sure it is necessary to use
in order to gain mechsnical strength, end therefore I should not de surprised

to find that the perspex was at least as effective as normal aircraft skin in
screeing out gamm redistion.

Your results on the difference between film badges in different position
I think, provide an excellent reason for placing the relisnce an the film
badge on the chest as this appears to give an excellent aversge dose to the
vhole body. The questicn of weering a film badge next to the skin, to give a
dndication of the shielding effect is possibly a good one, dut you yealige I
hope that the doses meagsured by a film bedge outside clothing including back-
scatter from the body is by convention a measure of the dose to the bare body
underclothing without backsocatter.

- Extn.

20th October, 1958,
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ATRCREY TASKS.
L. Sampling. ‘

The use of Canberra aircraft to fly through relatively recent nuclear clouds and
collect samples of the radiocactive debris was developed over the trial's period. .

Ultimately a squadron (No: 76.) of six Canberra aircraft were specifically earmarked

" for these duties. FHowever servicability was of such a high order that only four of

these aircraft had to be committed over the trial's period ( i.e. 2 remained clean.).
The scientific objective was to collect a suitable sample of the fission products
in specially designed apparatus attached to the exterior of the aircraft. The aircraft '

-continued to fly in the nuclear cloud until a sufficiency of sample had been obtained

or it was deemed prudent to exit to ensure that the crews did not receive an over
exposure to radiation. The whole procedure was controlled both from the air and from
the ground. A1l aircraft were pressure cabin tyoe and as an additional precaution
two large filters ( Roughing and Fine filter) were interposed in the cabin air supaly
system,. As.a further precaution all crew members donned oxygen masks as soon as the
aircraft entered the nuclear cloud and these remained in situ until landing.

A variety of other safety measures were obligators. These are listed below with

-brief descriptions :-

ae. A1l participating aircrew were briefed on the pfoblems, hasards: and manner of conduct
when'flying in a nuclear cloud. Such briefings were carried out by members of AVRE

and the squadron medical officers. The latter being members of RAF/AWRE and attached
to the Health Physics Division. The squadron was not subjected to mass postings. and
experienced meribers were always available to assist new inexperienced aircrew. This
concept ensured that expértees was not squandered - this did not obtain in many other
RAF situations in the task force.

b. Ail entrant members of the squadron were subjected to a Radiation Medical examination
on entry. Their continued good health was the direct responsibility of the squadron
medical officers. '

¢. All aircrew were exhaustively exercised, under strict supervision, in the drills
that were expected of them during sampling sorties. Further practice was carried out

on all possible emergencies that might occur in which the covering of the exterior of
the aircraft with adherent particulate could cause problers and possible hasard:
Emergency health physics kits were carried on aircraft for the use of the crews if
unscheduled landings occurred.

d. All sampling crews carried two film badges per man. As an additional precaution and

to provide an immediate check an array of dosimeters .were worn by cach crew member. Tt

L= 4 -
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. “vas usual to cal.y three covering, in decades, from O to 50 rontgens. In addition a

larp " integrating ion chamber was fiited under the navigators seat vhich read out onto
a large guadrant dial which was colour coded. The divisions were green ~ yellow ~ red.
The interpretation was simple- green = insignificant dose yellow = dose mounting and
exit time nearing Red = immediate exit from cloud,

¢« An air sampler was installed in each aircraft to monitor the cabin air. The
machines used were the well tried Vacanair which sample at approximately resting
respiratory rate. High altitude non-spar}éing-brushes vere fitted as a flying require-
ment. No significant levels were ever recorded in cabins though considerable amounts
of particulate materials were kuown to have been stopped in the filiers.

f. On landing crews were assisted out of the aircrafi a.f'fer they had donned overshoes
and gloves. Other flying equipment was placed in polythene bags. Exit of the crews

was accomplished by a non~touch drill developed between the crews and their ground
helpers. The aircrew were then passed through e formal decontamination and health
centrol centre. Over the tz:ials period no significant contamination was ever detected
on any of the sampling aircrew or their equiogment.

g. A trial's limit for wholebody ‘exposure of aircrew was fixed zfter discussion
"vetween RAF and civilian appropriate authorities. The limit was cumwlative against

the time period between individual sorties. If the upper limit wos exceded in any
single sortie the crew or crew member was precluded from any further sampling duties.

Records of such doses are held at AVRE, Health Zhysics branch.






.=

SUITARY OF RAT E’..‘IRS:.OI\’TEL EXPOSURES OVER THE TRIAL'S PERIOD.

The significant exposure of any RAP personnel, with a few vreodictable exceptions,
was unheard of over the test period. The s.z:néling aircrew and sample handlers received
significant doses. These were essentially to predicted levels which had received
official waivers. . ' .

The rarity of doses is due to two factors. Tirstly very few persons actually came
incontact with radiation and secondly those who did were always under rigid supervision
and had received adequate training, ' o

The few RAF personnel who received significant doses have their records preserved
either in the office of the Director of Health and Research, liedical Directorate or

in the Pilm Badge Office of AWRE Health Physics Division.

YRE. Aldermaston. Consultant in Radicbiology. RAF.
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Pime of entry = H + 143 min.

Y
\

Run 5

f

Instant 1 2 3 N 5

Romeo ‘ 85 90 90 80 70
Charlie 6,2 6.5 6.6 6.7 6.8
Salmon 504 50+ 50+ 50+ 50+

Minal Cherlie = 7.9

Jun 6

Time of entry = H + 119 min.
Instant 1 2 3 Ly 5
Romeo 60 60 60 L0 32
Charlie 8.1 8.2 B 8.4 8ol
Salmon 50+ 50+ 50+ 50+ 50+

Pinal Charlie = 8.5

= e e

1

o Nr"f\l_ . W

6

APFENDIX cont.

Time of exit = H + 116 min.

7 8 9 10

80 70 60 60
7.0 7.2 7.3 7.3
50+ 50+ 50+ 50+

Time of exdt = h + 120 min.
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